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CONTROL OF PATTERNED ETCHING IN 
SEMICONDUCTOR FEATURES 

This application is a divisional application of US. appli 
cation Ser. No. 09/393,446, ?led Aug. 9, 1999, noW allowed, 
Which is a continuation application of US. application Ser. 
No. 08/911,878, ?led Aug. 13, 1997, and issued as US. Pat. 
No. 6,008,140 on Dec. 28, 1999. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention pertains to a particular chemistry 
Which provides advantages in the pattern etching a copper 
layer on the surface of a semiconductor device substrate. In 
particular, the etched portion of a feature surface is protected 
from reactive species during the etching of adjacent feature 
surfaces. 

2. Brief Description of the Background Art 
In the multi level metalliZation architecture used in 

present day semiconductor devices, aluminum is generally 
used as the material of construction for interconnect lines 
and contacts. Although aluminum offers a number of advan 
tages in ease of fabrication, as integrated circuit designers 
focus on transistor gate velocity and interconnect line trans 
mission time, it becomes apparent that copper is the material 
of choice for the next generation of interconnect lines and 
contacts. In particular, When the aluminum Wire siZe 
becomes smaller than 0.5 pm, the electromigration resis 
tance and the stress migration resistance of aluminum 
becomes a problem area. In addition, When the feature siZe 
of an aluminum-based contact requires an aspect ratio of 
greater than 1:1, it is dif?cult to obtain planariZation of the 
substrate during the application of the next insulating layer 
over the contact area of the substrate. Further, the resistivity 
of copper is about 1.4 pQcm, Which is only about half of the 
resistivity of aluminum. 

There are tWo principal competing technologies under 
evaluation by material and process developers Working to 
enable the use of copper. The ?rst technology is knoWn as 
damascene technology. In this technology, a typical process 
for producing a multilevel structure having feature siZes in 
the range of 0.5 micron or less Would include: blanket 
deposition of a dielectric material; patterning of the dielec 
tric material to form openings; deposition of a diffusion 
barrier layer and, optionally, a Wetting layer to line the 
openings; deposition of a copper layer onto the substrate in 
sufficient thickness to ?ll the openings; and removal of 
excessive conductive material from the substrate surface 
using chemical-mechanical polishing (CMP) techniques. 
The damascene process is described in detail by C. Stein 
bruchel in “Patterning of copper for multilevel metalliZation: 
reactive ion etching and chemical-mechanical polishing”, 
Applied Surface Science 91 (1995) 139—146. 

The competing technology is one Which involves the 
patterned etch of a copper layer. In this technology, a typical 
process Would include deposition of a copper layer on a 
desired substrate (typically a dielectric material having a 
barrier layer on its surface); application of a patterned hard 
mask or photoresist over the copper layer; pattern etching of 
the copper layer using Wet or dry etch techniques; and 
deposition of a dielectric material over the surface of the 
patterned copper layer, to provide isolation of conductive 
lines and contacts Which comprise various integrated cir 
cuits. An advantage of the patterned etch process is that the 
copper layer can be applied using sputtering techniques Well 
knoWn in the art The sputtering of copper provides a much 
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2 
higher deposition rate than the evaporation or CVD pro 
cesses typically used in the damascene process, and provides 
a much cleaner, higher quality copper ?lm than CVD. 
Further, it is easier to etch ?ne patterns into the copper 
surface and then deposit an insulating layer over these 
patterns than it is to get the barrier layer materials and the 
copper to How into small feature openings in the top of a 
patterned insulating ?lm. 

Each of the above-described competing technologies has 
particular process problems Which must be solved to arrive 
at a commercially feasible process for device fabrication. In 
the case of the damascene process, due to dif?culties in the 
?lling of device feature siZes of 0.25 pm and smaller (and 
particularly those having an aspect ratio greater than one) on 
the surface of the dielectric layer, the method of choice for 
copper deposition is evaporation (Which is particularly sloW 
and expensive); or chemical vapor deposition, or CVD 
(Which produces a copper layer containing undesirable con 
taminants and is also a relatively sloW deposition process). 
Just recently, electroplating has been investigated as a 
method for copper deposition. 

Regardless of the technique used to deposit copper, the 
CMP techniques used to remove excess copper from the 
dielectric surface after deposition create problems. Copper is 
a soft material Which tends to smear across the underlying 
surface during polishing. “Dishing” of the copper surface 
may occur during polishing. As a result of dishing, there is 
variation in the critical dimensions of conductive features. 
Particles from the slurry used, during the chemical mechani 
cal polishing process may become embedded in the surface 
of the copper and other materials surrounding the location of 
the copper lines and contacts. The chemicals present in the 
slurry may corrode the copper, leading to increased resis 
tivity and possibly even corrosion through an entire Wire line 
thickness. Despite the number of problems to be solved in 
the damascene process, this process is presently vieWed in 
the industry as more likely to succeed than a patterned 
copper etch process for the folloWing reasons. 

The patterned etch process particularly exposes the cop 
per to corrosion. Although it is possible to provide a pro 
tective layer over the etched copper Which Will protect the 
copper from oxidation and other forms of corrosion after 
pattern formation, it is critical to protect the copper during 
the etch process itself to prevent the accumulation of invola 
tile corrosive compounds on the surface of the etched copper 
features. These involatile corrosive compounds cause con 
tinuing corrosion of the copper even after the application of 
a protective layer over the etched features. 

Wet etch processes have been attempted; hoWever, there 
is dif?culty in controlling the etch pro?le of the features; in 
particular, When the thickness of the ?lm being etched is 
comparable to the, minimum pattern dimension, undercut 
ting due to isotropic etching becomes intolerable. In 
addition, there is extreme corrosion of the copper during the 
etch process itself. 

Plasma etch techniques provide an alternative. A useful 
plasma etch process should have the folloWing characteris 
tics: It should be highly selective against etching the mask 
layer material; it should be highly selective against etching 
the material under the ?lm being etched; it should provide 
the desired feature pro?le (eg the sideWalls of the etched 
feature should have the desired speci?c angle); and the etch 
rate should be rapid, to maximiZe the throughput rate 
through the equipment. 

Until very recently etch rates obtained by purely physical 
bombardment Were typically about 300 A—500 A per minute 
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or less, as described by Schwartz and Schaible, J. Electro 
chem. Soc, Vol. 130, No. 8, p. 1777 (1983) and by H. 
MiyaZaki et al.,J. Vac. Sci. Technol. B 15(2) p.239 (1997), 
respectively. Recently, applicants have been able to improve 
on the etch rates achievable by purely r,physical bombard 
ment so that etch rates as high as 5,000 A per minute can be 
achieved. Further, the selectivity betWeen copper and mate 
rials commonly used as barrier layers, insulating layers and 
patterning masks is more than satisfactory. This technology 
is disclosed in detail in US. Pat. No. 6,010,603, issued to Ye 
et al. on Jan. 4, 2000. HoWever, etch rate and selectivity 
must be accompanied by the ability to etch a pattern having 
the desired cross-sectional pro?le. To improve etch pro?le, 
it is necessary to use a limited amount of chemical reactants 
during the etch process. 

The chemical reactants must be very carefully selected to 
react With the copper and create volatile species Which can 
then be removed by application of vacuum to the process 
chamber. HoWever, When such chemical reactants are used, 
corrosion is a major problem during the fabrication, as 
copper does not form any self passivating layer like alumi 
num does. In particular, oxidation of copper increases resis 
tivity; further, in the case of copper interconnect lines, the 
Whole Wire line may corrode all the Way through, resulting 
in device failure. As described in US. Pat. No. 6,010,603, 
referenced above, it is possible to use a limited concentration 
of particular halogen-based reactants in combination With 
physical bombardment, When physical bombardment is the 
controlling etch mechanism and avoid corrosion of the 
copper by the reactive species used to assist in the etch 
process. 

There are some etch pro?les for Which etching in the 
physical bombardment regime does not provide the best 
result. In addition, applicants have discovered that it is 
possible to obtain etch rates Which are higher than those 
obtained to date in the physical bombardment regime and 
still avoid corrosion of the etched copper. Typically, a 
chlorine-comprising gas is used in the reactive ion etch 
processing of the copper. Although the chlorine provides 
acceptable etch rates, it causes the copper to corrode rapidly. 
The chlorine reacts very fast, but produces reaction 
by-products Which are not volatile. These byproducts remain 
on the copper surface, causing corrosion over the entire 
etched surface. The byproducts can be made volatile sub 
sequent to the etch step by treatment With chemical species 
Which create a volatile reaction product, but by this time the 
corrosion is already extensive. 
An example of a treatment to remove chlorides and 

?uorides remaining after the etch of a conductive layer is 
provided in US. Pat. No. 4,668,335 to Mockler et al., issued 
May 26, 1987. In Mockler et al., the Workpiece (Wafer) is 
immersed in a strong acid solution, folloWed by a Weak base 
solution after the etch of an aluminum-copper alloy, to 
remove residual chlorides and ?uorides remaining on the 
surface after etching. Another example is provided in US. 
Pat. No. 5,200,031 to Latchford et al., issued Apr. 6, 1993. 
In Latchford et al, a process is described for removing a 
photoresist remaining after one or more metal etch steps 
Which also removes or inactivates chlorine-containing 
residues, to inhibit corrosion of remaining metal for at least 
24 hours. Speci?cally, NH3 gas is ?oWed through a micro 
Wave plasma generator into a stripping chamber containing 
the Workpiece, folloWed by 02 gas (and optionally NH3 
gas), While maintaining a plasma in the plasma generator. 

Attempts have been made to reduce the corrosion by 
introducing additional gases during the etch process (Which 
can react With the corrosion causing etch byproducts as they 
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4 
are formed). In addition, gaseous compounds Which can 
react to form a protective ?lm over the sideWalls of etched 
features as they are formed have been added during the 
etching process and after the etch process. HoWever, residual 
corrosion continues to be a problem and the protective ?lm, 
While protecting from future contact With corrosive species, 
may trap corrosive species already present on the feature 
surface. 
An example of the formation of a passivating ?lm on 

pattern sideWalls is presented by J. Torres in “Advanced 
copper interconnections for silicon CMOS technologies”, 
Applied Surface Science, 91 (1995) 112—123. Other 
examples are provided by Igarashi et al. in: “High Reliability 
Copper Interconnects through Dry Etching Process”, 
Extended Abstracts of the 1994 International Conference on 
Solid State Devices and Materials, Yokohama, 1994, 
pp.943—945; in “Thermal Stability of Interconnect of TiN/ 
cutin Multilayered Structure”, Jpn. J. Appl. Phys. Vol. 33 
(1994) Pt. 1, No. 1B; and, in “Dry Etching Technique for 
Subquarter-Micron Copper Interconnects”, J. Electrochem. 
Soc, Vol. 142, No. 3, March 1995. In this 1995 article, 
Yasushi Igarashi et al. shoW photomicrographs of cross 
sectional vieWs of the subquarter-micron etched features. In 
revieWing the article, applicants noticed that although the 
exterior Walls of the feature appear to be solid, there appears 
to be interior holloW areas Within the feature Where the 
copper line has been eroded aWay. Applicants subsequently 
reproduced this effect, demonstrated by the comparative 
example (Example 3) presented subsequently herein. 
Apparently, reactive chlorine species are trapped interior to 
the passivating ?lm formed on the Wall and these species 
react With and erode the copper beneath the passivating ?lm. 

Passivating ?lms are used to protect the Walls of forming 
features during the etching of aluminum. Such ?lms are 
generally used to protect the Walls of etched features from 
further etching by incident reactive species during continued 
vertical etching of the feature through a mask. Typically the 
protective ?lm comprises an oxide or a nitride or a poly 
meric material, or a combination thereof. In the case of 
aluminum, aluminum oxide forms a cohesive, continuous 
protective ?lm very rapidly. This rapid formation of a 
continuous protective ?lm protects the interior of the etched 
feature from exposure to signi?cant amounts of the reactive 
species Which could cause corrosion interior to the etched 
Wall. HoWever, in the case of copper, there is no similar 
rapidly-formed ?lm Which prevents reactive species from 
reaching the copper surface and being trapped there by a 
sloWly-formed “passivating” ?lm. It appears that the passi 
vating ?lms of the kind described by Igarashi et al. in their 
March 1995 article trap reactive species inside the feature 
Walls and these reactive species corrode aWay the copper 
interior to the feature Walls. 

If the patterned etch technique is to be used for fabrication 
of semiconductor devices having copper interconnects, 
contacts, and conductive features in general, it is necessary 
to ?nd an etch method Which does not create immediate 
corrosion or a source of future corrosion. 

In addition to controlling corrosion, it is necessary to 
control the pro?le of the etched pattern. An example of a 
technique used for obtaining a high etch rate and highly 
directional reactive etching of patterned copper ?lms copper 
is described by Ohno et al in “Reactive Ion Etching of 
Copper Films in a SiCl4, N2, C12, and NH3 Mixture”, J. 
Electrochem. Soc, Vol. 143, No. 12, December 1996. In 
particular, the etching rate of copper is increased by increas 
ing the Cl2 ?oW rate at temperatures higher than 280° C. 
HoWever, the addition of Cl2 is said to cause undesirable 
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side etching of the Cu patterns. NH3 is added to the gas 
mixture to form a protective ?lm that prevents side Wall 
etching. The etch gas mixture Which originally contained 
SiCl4 and N2 Was modi?ed to contain SiCl4, N2, C14, and 
NH3. 

Thus, protective ?lms formed during etching are used by 
some practitioners skilled in the art to reducing corrosion (as 
described above) and by others for controlling the direc 
tional etching of the pattern surface. In either case, although 
the formation of such a protective ?lm may Work Well for 
aluminum etching, it may be harmful in the case of copper 
etching for the reasons previously described. 

Toshiharu Yanagida, in Japanese Patent Application No. 
4-96036, published Oct. 22, 1993, describes a method of dry 
etching of a copper material in the temperature range at 
Which a polymeric resist mask can be used (beloW about 
200° C.). Etching using a polymeric resist mask is said to be 
preferable so that the presence of oxygen (present in a 
silicon oxide hard masking material Which can Withstand 
higher temperatures) can be avoided. The oxide causes 
harmful corrosion of the copper, producing copper oxides 
Which increase the resistivity of etched copper features. In 
particular, the Yanagida reference describes the use of 
hydrogen iodide (HI) gas and combinations of HI gas With 
chloride and/or ?uoride compounds to achieve etching at 
substrate temperatures beloW about 200° C. 

FIGS. 5A and 5B illustrate the kind of corrosion Which 
typically is experienced during the reactive ion etching of 
copper. The pattern etched Was one of lines and spaces, 
Wherein the lines and spaces Were approximately 0.5 pm in 
Width looking at a cross-sectional pro?le of the pattern. The 
details of the preparation of the etched substrates shoWn in 
FIGS. 5A and 5B Will be discussed in detail subsequently 
herein, for comparative purposes. For noW, the important 
features to note are that the copper lines 510 Which appear 
to be solid looking at the exterior Walls 516 are actually 
holloW in the interior, Where the copper 520 remaining after 
etching is surrounded by vacant space 522. The vacant space 
is created by the harmful copper reactions We are calling 
“corrosion”. Corrosion is caused When the copper reacts 
With oxygen or With other reactants present in the process 
vessel to produce undesirable by-products. Corrosion also 
includes reaction With halogens Which are typically used as 
etchant reactants, but the reaction occurs at an undesired rate 
so that the desired etched feature pro?le cannot be obtained. 
FIGS. 5A and 5B are representative of this latter case. 

We have discovered a particular etch chemistry Which 
makes it possible to etch micron and submicron siZed copper 
features on a semiconductor substrate While maintaining the 
integrity of the etched copper feature. 

SUMMARY OF THE INVENTION 

We have discovered that copper can be pattern etched in 
a manner Which provides the desired feature dimension and 
integrity, at acceptable rates, and With selectivity over adja 
cent materials. To provide for feature integrity, the portion of 
the copper feature surface Which has been etched to the 
desired dimensions and shape must be protected during the 
etching of adjacent feature surfaces. This is particularly 
important for feature siZes less than about 0.5 pm, Where 
presence of even a limited amount of a corrosive agent can 
eat aWay a large portion of the feature. To avoid the trapping 
of reactive species Which can act as a corrosive agent interior 
of the etched copper surface, hydrogen is applied to that 
surface. Hydrogen is adsorbed on the copper exterior surface 
and may be absorbed into the exterior surface of the copper, 
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6 
so that it is available to react With species Which Would 
otherWise penetrate that exterior surface and react With the 
copper interior to that surface. Suf?cient hydrogen must be 
applied to the exterior surface of the etched portion of the 
copper feature to prevent incident reactive species present 
due to etching of adjacent feature surfaces from penetrating 
the previously etched feature exterior surface. 

Although any plasma feed gas component comprising 
hydrogen, Which is capable of generating suf?cient amounts 
of hydrogen, may be used, the most preferred embodiment 
of the invention provides for the use of a component Which 
contains both hydrogen and halogen. Preferred examples are 
hydrogen chloride (HCl) and/or hydrogen bromide (HBr), 
Which are used as the principal source of the reactive species 
for etching copper. Dissociation of the HCl and/or HBr 
provides large amounts of hydrogen for protection of etched 
copper surfaces, thereby preventing penetration by reactive 
species adjacent the etched surface. Additional hydrogen gas 
may be added to the plasma feed gas Which comprises the 
HCl and/or HBr When the reactive species density in the etch 
process chamber is particularly high. The hydrogen 
releasing, halogen-comprising plasma feed gas component 
may be used as an additive (producing less than 40% of the 
plasma-generated reactive species) in combination With 
other plasma etching species. 
When HCl and/or HBr is used as the principal source of 

reactive species for the copper etching, the HCl or HBr 
accounts for at least 40%, and more preferably at least 50%, 
of the reactive species generated by the plasma. Most 
preferably, HCl or HBr accounts for at least 80% of such 
reactive species. Other reactive species may be used for 
purposes of feature surface passivation during etching or for 
purposes of feature surface protection after completion or 
near the completion of feature surface etching. The species 
added for surface passivation or surface protection during 
etching of the copper feature preferably make up 30% or 
less, or more preferably make up 10% or less of the 
plasma-generated reactive species. 

In particular, the preferred method for the patterning of 
copper on a substrate surface includes the folloWing steps: 

a) supplying to a plasma etch process chamber a plasma 
feed gas including hydrogen in the form of HCl, or 
HBr, or H2, or a combination thereof, in an amount 
Which provides plasma-generated dissociated hydrogen 
in an amount sufficient to form a protective layer over 
an exterior portion of a copper feature Which has been 
etched to the desired dimensions; and 

b) etching said copper features to provide said desired 
pattern. 

In addition to including additional species-generating 
gases for purposes of passivating various surfaces and 
reacting With potentially corrosive species on the semicon 
ductor substrate, such as oxygen, gaseous hydrogen 
containing molecules may be used to adjust the ratio of 
hydrogen to halogen in the plasma. By Way of example, 
additional gases Which may be added to the plasma feed gas 
include CH4, CH3F, BCl3, N2, NH3, SiCl4, CCl4, and CHF3. 

Plasma feed gases may include additional inert (non 
reactive With copper) gases such as argon, helium, or xenon, 
to enhance the ioniZation, or dissociation, or to dilute the 
reactive species. 

In a particularly preferred embodiment of the present 
invention, copper is patterned on a substrate surface for use 
in semiconductor fabrication, Wherein the method steps 
comprise: 

a) supplying a plasma feed gas to a plasma etch process 
chamber, or other controlled environment for the pro 
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duction of a plasma, wherein said feed gas includes 
HCl, or HBr, or H2, or a combination thereof, Wherein 
the amount of HCl or HBr is sufficient that at least 40%, 
and preferably at least 50%, of the total reactive species 
present in the plasma are supplied by the HCl or HBr 
or combination thereof; 

b) using a plasma created from the plasma feed gas in a 
manner Which provides a reactive species density suf 
?cient to enable a copper etch rate of at least about 
2,000 A per minute. 

The amount of H2 gas added to the feed gas Will depend 
on the density of reactive species present at the surface of the 
copper during etching. Hydrogen gas may be added to the 
plasma feed gas for only a portion of the feature etch time 
period. 
As previously mentioned, other gases capable of gener 

ating reactive species for purposes of surface passivation or 
as an oxygen “getter” , such as N2 or BCl3, respectively, may 
be used in the plasma feed gas. In addition, inert gases such 
as argon may be used. 

The critical feature is the availability of hydrogen at the 
feature surface during the etching process. The use of HCl 
or HBr as the primary source of the copper etchant reactive 
species provides for the availability of dissociated, reactive 
hydrogen, as the hydrogen is released upon creation of the 
plasma and is adsorbed on or absorbed near the copper 
surface during etching, Where it buffers the reaction of the 
chlorine or bromine species With the copper surface Which 
is being etched. This protects the interior of the copper 
feature from subsequent corrosion While permitting etch 
rates for adjacent copper surfaces of at least 2,000 A per 
minute. To enhance this protection of the etched copper 
feature surface, hydrogen may be provided from plasma 
generated species 
When the etch process is carried out typically oxygen 

comprising species are generated from a silicon oxide hard 
mask or a photoresist, or from an insulating layer present on 
the substrate. Under these circumstances, it is advantageous 
to add boron trichloride (BCl3) or an equivalent oxygen 
scavenger. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustrating a decoupled plasma 
source (DPS) etching chamber of the kind used during the 
patterned etching of copper as described in the preferred 
embodiments of the present invention. 

FIG. 2A illustrates the change in copper intensity in the 
etch plasma during the etching of a pattern of 0.5 pm Wide 
lines and spaces into the surface of a copper ?lm, Where the 
principal source for the copper-etching reactive species is 
HCl. 

FIG. 2B illustrates the change in copper intensity in the 
etch plasma during the etching of a pattern of 0.5 pm Wide 
lines and spaces into the surface of a copper ?lm, Where the 
principal source for the copper-etching reactive species is 
HBr. 

FIG. 3A illustrates the etch rate in pm per minute for a 
pattern of 0.5 pm Wide lines and spaces into the surface of 
a copper ?lm, as a function of etch chamber pressure. The 
feed gas to the etch chamber included HCl, N2, and BCl3. 

FIG. 3B illustrates the etch rate for the same patterned 
copper ?lm as that described With reference to FIG. 3A, but 
as a function of source poWer. 

FIG. 3C illustrates the etch rate for the same patterned 
copper ?lm as that described With reference to FIG. 3A, but 
as a function of bias poWer. 
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8 
FIG. 4A illustrates the selectivity of copper relative to the 

patterning mask, shoWn as the ratio of copper etch rate to 
silicon oxide etch rate for a standard test pattern of various 
Width lines and spaces, as a function of etch chamber 
pressure. 

FIG. 4B illustrates the selectivity of copper relative to 
patterning mask, shoWn as the ratio of copper etch rate to 
silicon oxide etch rate for the same test pattern as that 
described With reference to FIG. 4A, but as a function of 
source poWer. 

FIG. 4C illustrates selectivity of copper relative to pat 
terning mask, shoWn as the ratio of copper etch rate to 
silicon oxide etch rate for the same test pattern as that 
described With reference to FIG. 4A, but as a function of bias 
poWer. 

FIG. 5A is a three dimensional schematic of a copper ?lm 
Which Was reactive ion etched using C12, BCl3, N2, and Ar 
to produce a pattern of 0.5 pm Wide lines and spaces. 
Although the integrity of the etched copper lines appears to 
be good on the surface, large portions of the interior of the 
copper lines is vacant space from reacted copper Which has 
exited. 

FIG. 5B is a schematic of the cross-sectional vieW of the 
FIG. 5A etched copper pattern, shoWing additional detail of 
the structure of the interior of the etched copper line. 

FIG. 6A is a three dimensional schematic of a copper ?lm 
Which Was reactive ion etched using a preferred embodiment 
method of the present invention. The integrity of the interior 
of the etched copper lines is excellent. 

FIG. 6B is a schematic of the cross-sectional vieW of FIG. 
5A etched copper pattern, shoWing additional detail of the 
structure of the interior of the etched copper line. 

FIG. 6C is a schematic of the FIG. 5A etched copper 
pattern Which shoWs the top surface of the etched lines (as 
Well as the front edge) and the top surface of the etched 
spaces, to illustrate the absence of any deposits on the 
exterior of the etched lines and spaces. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

We have discovered that copper can be pattern etched in 
a manner Which provides the desired feature dimension and 
integrity, at acceptable rates, and With selectivity over adja 
cent mask materials. To provide for feature integrity, the 
portion of the copper feature surface Which has been etched 
to the desired dimensions and shape must be protected 
during the etching of adjacent feature surfaces. To avoid the 
trapping of reactive species interior of the etched copper 
surface, hydrogen is applied to that surface. The most 
preferred embodiment of the invention provides for the use 
of hydrogen chloride (HCl) and/or hydrogen bromide (HBr) 
as the sole or principal source of the reactive species used in 
etching copper. Dissociation of the HCl and/or HBr provides 
the large amounts of hydrogen necessary to protect the 
copper feature etched surfaces from penetration by reactive 
species adjacent the etched surface. Additional hydrogen gas 
may be added to the plasma feed gas Which comprises the 
HCl and/or HBr When the reactive species density in the etch 
process chamber is particularly high. 

I. De?nitions 

As a preface to the detailed description, it should be noted 
that, as used in this speci?cation and the appended claims, 
the singular forms “a”, “an”, and “the” include plural 
referents, unless the context clearly dictates otherWise. Thus, 
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for example, the term “a semiconductor” includes a variety 
of different materials Which are known to have the behav 
ioral characteristics of a semiconductor, reference to a 
“plasma” includes a gas or gas reactants activated by a gloW 
discharge, and a reference to “copper” includes alloys 
thereof. 

Speci?c terminology of particular importance to the 
description of the present invention is de?ned beloW. 

The term “anisotropic etching” refers to etching Which 
does not proceed in all directions at the same rate. If etching 
proceeds exclusively in one direction (e.g. only vertically), 
the etching process is said to be completely anisotropic. 

The term “aspect ratio” refers to the ratio of the height 
dimension to the Width dimension of particular openings 
into Which an electrical contact is to be placed. For example, 
a via opening Which typically extends in a tubular form 
through multiple layers has a height and a diameter, and the 
aspect ratio Would be the height of the tubular divided by the 
diameter. The aspect ratio of a trench Would be the height of 
the trench divided by the minimal travel Width of the trench 
at its base. 

The term “bias poWer” refers to the poWer used to control 
ion bombardment energy and the directionality of ions 
toWard a substrate. 

The term “copper” refers to copper and alloys thereof, 
Wherein the copper content of the alloy is at least 80 atomic 
% copper. The alloy may comprise more than tWo elemental 
components. 

The term “feature” refers to metal lines and openings on 
a substrate, and other structures Which make up the topog 
raphy of the substrate surface. 

The term “gloW discharge sputtering” refers to a mecha 
nism in Which atoms are dislodged from a surface Which is 
to be sputtered, by collision With high energy particles Which 
are generated by a gloW discharge, Where the gloW discharge 
is a self-sustaining type of plasma. The high energy particles 
may be energetic atoms as Well as energetic molecules. 

The term “ion bombardment” refers to physical bombard 
ment by ions (and other excited species of atoms Which are 
present With the ions) to remove atoms from a surface, 
Where physical momentum transfer is used to achieve the 
atom removal. 

The term “isotropic etching” refers to an etching process 
Where etching can proceed in all directions at the same rate. 

The term “plasma” refers to a partially ioniZed gas 
containing an equal number of positive and negative 
charges, as Well as some other number of non-ioniZed gas 
particles. 

The term “source poWer” refers to the poWer used to 
generate ions and neutrals Whether directly in an etching 
chamber or remotely as in the case of a microWave plasma 
generator. 

The term “substrate” includes semiconductor materials, 
glass, ceramics, polymeric materials, and other materials of 
use in the semiconductor industry. 

II. An Apparatus for Practicing the Invention 

The etch process Was carrier out in a Centura® Integrated 
Processing System available from Applied Materials, Inc. of 
Santa Clara, Calif. The system is shoWn and described in 
US. Pat. No. 5,186,718, the disclosure of Which is hereby 
incorporated by reference. This equipment included a 
Decoupled Plasma Source (DPS) of the kind described by 
Yan Ye et al. at the Proceedings of the Eleventh International 
Symposium of Plasma Processing, May 7, 1996 and as 
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10 
published in the Electrochemical Society Proceedings, Vol 
ume 96—12, pp. 222—233 (1996) Which is hereby incorpo 
rated by reference. The plasma processing chamber enables 
the processing of an 8 inch (200 mm) diameter silicon Wafer 
While providing control over critical dimension variation. 

As described in the Yan Ye et al. paper referenced above, 
metal etch is an ion enhanced chemical process, and in 
addition to selecting a proper process gas, it is also necessary 
to control a number of process parameters such as bias 
poWer, source poWer, pressure, ?oW rate and Wafer tempera 
ture. Wafer temperature is a function of plasma source poWer 
and helium (heat transfer gas) pressure at the backside of a 
Wafer (substrate), as Well as other variables. A higher He 
pressure (for a non-heated electrostatic chuck), loWers the 
substrate surface temperature. Uniform Wafer temperature is 
achieved through optimiZation of electrostatic chuck design 
and cathode design. Wafer temperature is important since 
critical dimension variation is sensitive to a change in Wafer 
temperature. This indicates that feature sideWall passivation 
is an important mechanism for critical dimension control. 

A schematic of the processing chamber is shoWn in FIG. 
1A Which shoWs an etching process chamber 10, Which is 
constructed to include at least one inductive coil antenna 
segment 12 positioned exterior to the etch process chamber 
10 and connected to a radio frequency (RF) poWer generator 
18. Interior to the process chamber is a substrate 14 support 
pedestal 16 Which is connected to an RF frequency poWer 
generator 22 through an impedance matching netWork 24, 
and a conductive chamber Wall 30 Which serves as the 
electrical ground 34 for the offset bias Which accumulates on 
the substrate 14 as a result of the RF poWer applied to the 
substrate support pedestal 16. 
The semiconductor substrate 14 is placed on the support 

pedestal 16 and gaseous components are fed into the process 
chamber through entry ports 26. A plasma is ignited in 
process chamber 10 using techniques Well knoWn in the 
industry. Pressure interior to the etch process chamber 10 is 
controlled using a vacuum pump (not shoWn) and a throttle 
valve 27 connected to a process chamber gas exit line 28. 
The temperature on the surface of the etch chamber Walls is 
controlled using liquid-containing conduits (not shoWn) 
Which are located in the Walls of the etch chamber 10. The 
temperature of the semiconductor substrate Was controlled 
by bombarding the surface of the substrate With an argon 
plasma to reach initial temperature and subsequently, during 
the etch process by impact of plasma species on the substrate 
surface. For experimental purposes, it Was desired to main 
tain the substrate temperature above about 150° C. and 
beloW about 350° C., Which We Were able to do relying 
solely upon surface bombardment of the substrate. The 
surface of the etching chamber 10 Walls Was maintained at 
about 80° C. using the cooling conduits previously 
described. In the case of a production process, preferably, 
the substrate support platen provides for backside heating or 
cooling of the substrate. 

III. Achieving Patterned Copper Etch Using the 
Method of the Present Invention 

The Examples provided beloW for the etching of patterned 
copper Were practiced in the Centura® Integrated Process 
ing System previously described. 
The substrate Was a silicon Wafer overlaid by a silicon 

oxide dielectric layer. Typically, a 500 A thick barrier layer 
of tantalum Was applied over the silicon oxide dielectric 
layer. A 5,000 A thick layer of copper Was sputter deposited 
over the barrier layer. A 250 A thick layer of tantalum Was 
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applied over the copper layer, and a 5,000 A thick patterned 
silicon oxide hard mask Was applied over the tantalum layer. 
When the substrate varied from this general description, the 
variance is speci?ed in the particular preferred embodiment 
described. 

Aplasma Was created in the etch chamber using standard 
techniques, With the composition of the plasma feed gas 
being as speci?ed. The poWer to the external RF coil is 
speci?ed for each Example, With the frequency being about 
2 MHZ in all cases. A substrate offset bias Was created by 
application of RF poWer at a frequency of about 13.56 MHZ 
and a Wattage above about 50 W (equivalent to a bias voltage 
of about 20 V). Preferably the poWer to the support platen 
ranges from about 400 W to about 800 W. 

The pressure in the etch chamber ranged betWeen about 
0.1 mT to 100 mT, and Was preferably beloW about 20 mT. 
The temperature on the substrate surface ranged from about 
130° C. to about 300° C., While the Wall temperature of the 
etch chamber Was preferably at least 50 degrees loWer than 
the substrate temperature. Typically the etch chamber sur 
face Was maintained at about 80° C. or less. 

EXAMPLE ONE 

Etch Rate 

FIG. 2A shoWs the etch rate curve 210 for the etching of 
a copper ?lm to form a pattern of 0.35 pm Wide lines and 
spaces using HCl as the principal source of copper etchant 
reactive species. In particular, the base of the substrate 
etched Was a silicon Wafer having a thermal oxide coating on 
its surface. A500 A thick layer of tantalum Was applied over 
the thermal oxide; a 18,000 A thick layer of copper Was 
applied over the tantalum layer; a 250 A thick tantalum 
nitride layer Was applied over the copper layer; and, ?nally, 
a silicon oxide hard mask 5,000 A thick Was applied over the 
tantalum nitride layer. 

This stack of materials Was etched in the Centura® 
Integrated Processing System previously described. The 
plasma feed gas to the process chamber Was 100 sccm of 
HCl, 25 sccm of N2, and 5 sccm BCl3. The substrate 
temperature during etching Was about 200° C., With the 
process chamber Walls at about 80° C. The process chamber 
pressure during etching Was 20 mT. The source poWer to the 
plasma inducing coil Was about 1,500 W @ 2 MHZ and the 
bias poWer to the substrate support platen Was about 500 W 
@ 13.56 MHZ. A plasma Was ignited using techniques 
standard in the art, and the presence of any copper emissions 
in the plasma Were monitored using an optical sensor 
measuring at a Wavelength of about 3,250 FIG. 2A shoWs 
the optical emission intensity 212 for copper appearing in 
the plasma, as a function of time 214 in seconds. At about 
90 seconds, the intensity of the copper in the plasma began 
dropping, indicating that the copper etching area Was deplet 
ing. Since etching is sloWer is some areas than in others, the 
copper in the plasma gradually decreased, and the curve 210 
leveled out at about 120 seconds, indicating that the etch Was 
completed in all areas. Applicants believe the average time 
for completion of etching to be about 105 seconds. Using 
105 seconds as the time for completion of etching, the 
calculated etch rate is about 10,000 A per minute or about 
1.0 pm per minute. 

FIG. 2B shoWs the etch rate curve 220 for the etching of 
a copper ?lm to form a pattern of 0.35 pm Wide lines and 
spaces using HBr as the principal source of copper etchant 
reactive species. In particular, the base of the substrate 
etched Was a silicon Wafer having a thermal oxide coating on 
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its surface. A500 A thick layer of tantalum Was applied over 
the thermal oxide; a 5,000 A thick layer of copper Was 
applied over the tantalum layer; a 250 A thick tantalum 
nitride layer Was applied over the copper layer; and, ?nally, 
a silicon oxide hard mask 5 ,000 A thick Was applied over the 
tantalum nitride layer. 

This stack of materials Was etched in the Centura® 
Integrated Processing System previously described. The 
plasma feed gas to the process chamber Was 100 sccm of 
HBr, 25 sccm of N2, and 5 sccm BCl3. The substrate 
temperature during etching Was about 200° C., With the 
process chamber Walls at about 80° C. The process chamber 
pressure during etching Was 20 mT. The source poWer to the 
plasma inducing coil Was about 1,500 W and the bias poWer 
to the substrate support platen Was about 500 W. A plasma 
Was ignited using techniques standard in the art, and copper 
emissions appearing in the plasma Were monitored using an 

optical sensor measuring at a Wavelength of about 3,250 FIG. 2B shoWs the optical emission intensity reading 222 for 

the copper appearing in the plasma, as a function of time 224 
in seconds. Since a pattern Was etched, again, the completion 
of copper etch Was indicated, by a drop in the copper 
intensity reading over time. At the end of 20 seconds, the 
amount of copper began to drop, indicating that the majority 
of the etching Was complete, With curve 220 leveling out to 
shoW no copper generated at about 30 seconds. Applicants 
believe the average time for completion of etching to be 
about 25 seconds. Using 25 seconds as the time for comple 
tion of etching, the calculated etch rate is about 12,000 A per 
minute or about 1.2 pm per minute. 

As a part of determining the effect of process variables on 
etch rate, the effect of process chamber pressure, plasma 
source poWer, and bias poWer Were investigated. In 
particular, HCl Was the principal source of etchant reactive 
species; the plasma feed gas Was of the composition speci 
?ed With reference to FIG. 2A above; the substrate stack Was 
the same; the pattern etched Was the same; and all process 
variables Were the same With the exception of the variable 
investigated. 
As a matter of importance, the preferred embodiments 

described above Were carried out at a substrate temperature 
of about 200° C., and preferably the process is carried out at 
a temperature of at least about 200° C. HoWever, the process 
Works at temperatures above about 130° C. We have yet to 
determine the highest recommended temperature; hoWever, 
one skilled in the art Will appreciate that at higher tempera 
tures other materials Within the substrate are affected, ther 
mal expansion differences can cause problems, and that 
there needs to be an optimiZation of substrate temperature 
depending on the device and the feature being fabricated. In 
any case, the substrate temperature should not exceed about 
400° C. 

Curve 310 of FIG. 3A shoWs the etch rate 312 as a 
function of process chamber pressure 314, With the etch rate 
increasing With an increase in chamber pressure, at least up 
to 20 mT. 

Curve 320 of FIG. 3B shoWs the etch rate 322 as a 
function of plasma source poWer 324, With the etch rate 
increasing With an increase in plasma source poWer, at least 
up to 1,600 W. 

Curve 330 of FIG. 3C shoWs the etch rate 332 as a 
function of bias poWer 334, With the etch rate slightly 
decreasing With an increase in bias poWer, at least up to 600 
W. This is an unexpected result It may be that the higher bias 
poWer is causing the deposition of a species at the surface of 
the patterned spaces Where etching is occurring, and this 
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species is inhibiting the etching of the copper. However, by 
adjusting other variables such as process chamber pressure 
and plasma source poWer, the shape of this curve may be 
altered. 

We also investigated the variable of feed gas composition, 
Where the sccm of HCl Was decreased to 75 or 50 or 25 sccm 
With other feed gas ?oW rates held almost constant at the 
values previously speci?ed for an HCl ?oW rate of 100 
sccm. We discovered that the etch rate Was only marginally 
affected, With a slight increase in etch rate With increasing 
HCl ?oW rate. Based on this discovery, We have concluded 
that, for HCl ?oW rates above about 25 sccm (and under the 
process conditions described), it is the surface reaction rate 
Which controls the etch rate, rather than the concentration of 
reactive species in the plasma or the transfer rate of those 
species to the surface of the copper. 

EXAMPLE TWO 

Selectivity 

We have determined that, using the substrate and process 
variables speci?ed With reference to FIG. 2A, the selectivity 
ratio of copper to silicon oxide hard mask is about 4:1 (i.e., 
copper etches four times faster than the hard mask). 

Further, the effect of process variables on this selectivity 
Were investigated. In particular, the effect of process cham 
ber pressure, plasma source poWer, and bias poWer Were 
investigated. Again, HCl Was the principal source of etchant 
reactive species; the plasma feed gas Was of the composition 
speci?ed With reference to FIG. 3A above; the substrate 
stack Was the same; the pattern etched Was the same; and all 
process variables Were the same With the exception of the 
variable investigated. 

Curve 410 of FIG. 4A shoWs the selectivity ratio 412 of 
copper to silicon oxide hard mask as a function of process 
chamber pressure 414, With the selectivity ratio increasing 
With an increase in chamber pressure, at least up to 20 mT. 

Curve 420 of FIG. 4B shoWs the selectivity ratio 422 as 
a function of plasma source poWer 424, With the selectivity 
ratio increasing With an increase in plasma source poWer, at 
least up to 1,600 W. 

Curve 430 of FIG. 4C shoWs the selectivity ratio 432 as 
a function of bias poWer 434, With the selectivity ratio 
decreasing With an increase in bias poWer, at least up to 600 
W. 

Again, We investigated the effect of varying feed gas 
composition, Where the sccm of HCl Was decreased to 75 or 
50 or 25 sccm With other feed gas ?oW rates held essentially 
constant at the values previously speci?ed for an HCl ?oW 
rate of 100 sccm. We discovered that the selectivity ratio for 
copper to silicon oxide hard mask Was relatively unaffected. 

EXAMPLE THREE 

Comparative Example 

As previously described, We have determined that the etch 
process typically applied to aluminum does not Work Well 
for copper. This is not to say that such a process cannot be 
made to Work if all of the variables are carefully optimiZed. 
HoWever, the method of the present invention offers a Wider 
process WindoW. 

In revieWing the March 1995 article “Dry Etching Tech 
nique for Subquarter-Micron Copper Interconnects” by Iga 
rashi et al. Where the etch process recommended is a 
variation of the process used for aluminum, We noticed that 
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the interior of the etched copper features appeared to be 
holloW at some locations. To determine the cause of this 
phenomenon, We attempted to reproduce the results of 
Igarashi et al. This example is provided as a comparative 
example, since the process Was carried out in the same 
equipment in Which We achieved the elimination of the 
interior corrosion of the copper features. 

The particular etched substrate illustrated in FIGS. 5A and 
5B Was prepared as folloWs: The substrate Was a silicon 
Wafer overlaid by a silicon oxide layer; a tantalum barrier 
layer about 500 A thick overlying the silicon oxide surface; 
a layer of sputter-deposited copper about 5,000 A thick 
overlying the tantalum barrier layer; a 250 A thick tantalum 
layer overlying the copper layer; and, a 5,000 A thick 
patterned silicon oxide hard mask overlying the tantalum 
layer. 
The plasma feed gas comprised 100 sccm Ar, 20 sccm 

C12, 15 sccm N2, and 10 sccm BCl3. A relatively high 
concentration of N2 and a higher bias poWer during etching 
Were used to for a thicker passivation layer on the sideWall. 

The RF plasma source poWer Was approximately 1,500 W. 
The bias poWer Was approximately 500 W. The pressure in 
the etch chamber Was about 10 mT. The temperature on the 
substrate surface Was about 200° C., While the Wall tem 
perature of the etch chamber Was about 80° C. 

FIGS. 5A and 5B are schematics of photomicrographs of 
the etched pattern of 0.5 pm lines 510 and spaces 512 created 
by the method described above. With reference to FIG. 5A, 
the silicon oxide hard mask 514 overlies tantalum barrier 
layer 515. The etched copper lines 510 include the copper 
520 remaining after etch, surrounded by vacant space 522 
Where the copper has reacted With a corrosive agent to 
produce a volatile species Which escaped into the process 
chamber. The exterior Walls 516 of the etched copper have 
been passivated so that they remain relatively intact despite 
the corrosion of the interior of the copper line 510. The 
silicon oxide surface 518 of the etched spaces 512 is 
relatively free from contaminating deposits. 

FIG. 5B shoWs the problem of the corrosion of the interior 
of the etched lines 510 in more detail. Again, the silicon 
oxide hard mask 114 sets above tantalum barrier layer 515. 
The copper line exterior Walls 516 are apparently continuous 
and intact HoWever, interior to the Walls 516, the copper 520 
has been corroded and the reactive species resulting from the 
corrosion have escaped leaving open space 522 surrounding 
the corroded copper 520. 

EXAMPLE FOUR 

A Preferred Embodiment of the Present Invention 

As disclosed in the Summary of the Invention, the pre 
ferred embodiment of the invention provides for the use of 
hydrogen chloride (HCl) and/or hydrogen bromide (HBr) as 
the sole or principal source of the reactive species used in 
etching copper. Dissociation of the HCl and/or HBr provides 
the large amounts of hydrogen necessary to protect the 
copper feature etched surfaces from penetration by reactive 
species adjacent the etched surface. Additional hydrogen 
comprising gas may be added to the plasma feed gas Which 
comprises the HCl and/or HBr When the reactive species 
density in the etch process chamber is particularly high. 

In this example, under the conditions speci?ed, it is not 
necessary to add additional hydrogen-comprising gas to the 
plasma feed gas. Although this Example is for the use of HCl 
as the principal source of reactive species, HBr could be 
substituted in this example With equivalent results. 
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In this Example, the plasma feed gas consists of HCl at a 
How rate of about 100 sccm, N2 at a How rate of about 20 
sccm and BCl3 at a How rate of about 5 sccm, Where the 
chemically reactive copper etchant Was HCl, the N2 Was 
used to passivate silicon species (and some copper species), 
and the BCl3 Was used to scavenge oxygen generated by etch 
of the silicon hard mask or the silicon oxide dielectric layer 
underlying the copper line. In addition, We have evaluated 
varying ratios of the plasma feed gas components, such as: 
50 sccm HCl and 5 sccm N2; 50 sccm HCl, 25 sccm N2, and 
5 sccm BCl3; 50 sccm HCl, 5 sccm N2, and 5 sccm CHF3; 
and, 100 sccm HCl, 5 sccm N2, and 5 sccm BCl3. We also 
evaluated HCl as the sole plasma feed gas at 50 sccm of HCl. 
In evaluating all of these plasma feed gases, We learned that 
We could produce a patterned etch of 0.5 pm Wide lines and 
spaces Where etch rate, selectivity, feature dimensions, and 
feature integrity are all excellent. In fact, the etch results 
Were so similar, that FIGS. 6A, 6B, and 6C Which represent 
this Example are representative of the features obtained for 
all of the plasma feed gas combinations evaluated, including 
HCl as the sole feed gas. 

The substrate etched Was a silicon Wafer overlaid by a 
silicon oxide layer; a tantalum barrier layer about 500 A 
thick overlying the silicon oxide surface; a layer of sputter 
deposited copper about 5,000 A thick overlying the tantalum 
barrier layer; 250 A thick tantalum layer overlying the 
copper layer; and a 5,000 A thick patterned silicon oxide 
hard mask overlying the tantalum layer. 

The RF poWer to the plasma induction coil, the plasma 
source poWer, Was about 1,500 W @ 2 MHZ, and the RF 
poWer to the substrate support platen, the bias poWer, Was 
about 500 W @ 13.56 MHZ. The pressure in the process 
chamber Was 20 mT. The substrate temperature Was about 
200° C. and the Wall temperature of the process chamber 
Was about 80° C. Etching Was carrier out over a time period 
of about 100 seconds. 

FIGS. 6A and 6B are schematics of photomicrographs of 
the etched pattern of 0.5 pm lines 610 and spaces 612 created 
using the method described this Example Four. With refer 
ence to FIG. 6A, the silicon oxide hard mask 614 overlies 
tantalum barrier layer 615. The etched copper lines 610 
include the solid interior copper 620 remaining after etch. 
The exterior Walls 616 of the etched copper are deposit free 
and exhibit the desired pro?le Which is achieved by the 
anisotropic etch process described above. The silicon oxide 
surface 618 of the etched spaces 612 is also free from 
contaminating deposits. 

FIG. 6B shoWs a schematic of the cross-sectional vieW of 
the lines and spaces of FIG. 6A. Again, the silicon oxide 
hard mask 614 sets above tantalum barrier layer 615. The 
copper line exterior Walls 616 are free of deposits from the 
etch process. In addition, the interior copper 620 solidly ?lls 
the exterior Walls 616, providing a line 610 structure having 
integrity. 
By comparison With the line 510 structure from the 

Comparative Example Three, the absence of corrosion in the 
interior copper 620 of the preferred embodiment described 
in this Example Four is attributed to the generation of 
hydrogen upon dissociation of the HCl plasma feed gas. The 
hydrogen is believed to absorb on the surface of the copper, 
forming an H-rich layer. This H-rich layer reduces, and 
typically prevents reaction of the copper With C1 or Cl2 by 
forming volatile HCl. Thus, the hydrogen present on the 
copper surface acts as a buffer Which permits etching to 
occur Without leaving behind excess chlorine on the copper 
surface Which causes continuing undesired reaction With the 
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copper after the desired etch is completed. It is this con 
tinuing undesired reaction, combined With the formation of 
copper oxides, Which We are calling “corrosion”. It is 
corrosion Which generates vacant spaces (of the kind shoWn 
in FIGS. 5A and 5B) inside the Walls of the copper lines. 

FIG. 6C shoWs schematic of a photomicrograph of the 
FIG. 6A etched copper pattern. The photomicrograph shoWs 
the top surface 630 after removal of the silicon oxide hard 
mask, the Walls 616 of the etched lines 610, and the silicon 
oxide surface 618 of etched spaces 612, to illustrate the 
absence of any deposits on these surfaces. 

Once the non-corroded etched feature is created, a cap 
ping layer can be applied to the copper surface to prevent 
future corrosion. Preferred capping layers include silicon 
nitride and silicon oxynitride. These capping layers can be 
generated by adding nitrogen and/or a nitrogen-containing 
gaseous compound to an inert carrier gas, forming a plasma, 
and plasma sputtering against a silicon oxide-containing 
surface, such as a silicon oxide hard mask. 

Although speci?c process conditions are described With 
respect to Example Four above, applicants have learned that 
the process WindoW is quite broad and that the process 
variables can be adjusted over a Wide range and still provide 
excellent etched copper features. 

For example, the plasma source poWer supplied for pro 
duction of reactive species (ions and neutrals) may vary 
Widely. The minimum poWer required is the poWer neces 
sary to break doWn HCl or HBr into several reactive species, 
such a H, excited H, H", Cl, excited Cl, Cl", excited HCl, 
HCl+, Br, excited Br, and Br". Often the minimum poWer 
required is the poWer to ignite and sustain the plasma in the 
process chamber. In a DPS chamber of the kind We used, the 
minimum inductive RF poWer required is generally about 
200 W @ 2 MHZ. HoWever, the poWer supplied may range 
from about 200 W to about 2,500 W, depending on the 
feature to be etched, the materials involved, and the make up 
of the plasma feed gas, for example. In addition to disso 
ciation and ioniZation of the plasma feed gas, the RF poWer 
sustaining the plasma is also a source of supplying heat to 
the Wafer surface (the higher the poWer, the higher the Wafer 
temperature). The RF poWer also affects the production of 
UV light and/or IR light Which is generated from the plasma 
These light sources may impact the reaction taking place on 
the substrate surface. 

It is important to note that the plasma source poWer may 
be supplied from varying types of equipment, including: a 
parallel plate plasma source; an inductive coil, Whether that 
coil is located externally to the process chamber, internally 
to the process chamber, or a combination of both; and a 
microWave plasma source (by Way of example and not by 
Way of limitation). 

The bias poWer used to control ion bombardment on the 
substrate surface may also be varied over a range depending 
on the feature to be etched, the materials involved, and 
desired characteristics of the semiconductor device in gen 
eral. The minimum bias poWer required for the HCl and HBr 
etch chemistry described herein is the poWer Which can 
provide the desired ion directionality and ion bombardment 
energy for an anisotropic etch. In a DPS chamber of the kind 
We used, the minimum RF poWer required is generally about 
50 W @ 13.56 MHZ. HoWever, the RF poWer supplied may 
range from about 50 W to about 800 W, depending on the 
feature to be etched, the materials involved, and the make up 
of the plasma feed gas, for example. Higher bias poWer 
typically increases the etch rate due to the higher ion 
bombardment energy; hoWever, as shoWn With regard to 
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Example 1, FIG. 3C, this is not necessarily the case. Higher 
bias power may result in the generation of additional species 
Which affect etch rate. Bias poWer also affects the 
dimensionality, including the etch pro?le of the feature 
being etched, and must be adjusted as required to obtain 
proper feature dimensions. Higher bias poWer also results in 
an increase in the temperature of the substrate surface as a 
result of increased ion bombardment and may require a 
means for cooling of the substrate during the etch process. 

Process chamber pressure variation, all other variables 
held constant, may affect the dissociation rate, ioniZation 
rate, and recombination rate of various plasma feed gases. It 
is possible to optimiZe the reactive species generated and to 
control the ratios of the etchant species using process 
chamber pressure. Thus, both passivation and etch rates can 
be adjusted using process chamber pressure. Pressure may 
also affect the thickness of the plasma sheath Within the 
reactor and thereby the ion bombardment energy. The opti 
mal process chamber pressure is equipment sensitive. In a 
DPS chamber of the kind We used, the optimal pressure 
appears to be about 20 mT. HoWever, We have operated the 
process chamber at pressures ranging from about 5 mT to 
about 40 mT and achieved acceptable etch results. 

The surface temperature of the substrate affects the reac 
tion rates on that surface and the dissociation rate of etch 
by-products. When copper is etched using HCl or HBr, or a 
combination thereof as the principal source of the reactive 
etchant species, desorption of the etch-byproduct appears to 
be more critical than surface reaction rate, and it appears that 
a minimum substrate surface temperature of about 150° C. 
provides the necessary desorption rate. 

Although the preferred embodiments described are With 
reference to an etching process Where the composition of the 
plasma feed gas Was constant throughout, one skilled in the 
art Would appreciate that the feed gas could be varied during 
an etching process and the method of the present invention 
could be used for a limited time period during that etching 
process. 

The above described preferred embodiments are not 
intended to limit the scope of the present invention, as one 
skilled in the art can, in vieW of the present disclosure, 
eXpand such embodiments to correspond With the subject 
matter of the invention claimed beloW. 
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We claim: 
1. A method of patterning a metal ?lm on a substrate 

surface for use in semiconductor applications, Wherein said 
patterning is accomplished by plasma etching, said method 
comprising: 

placing a substrate including said metal ?lm on a substrate 
support pedestal Within a plasma etch process chamber; 

supplying a halogen-comprising plasma feed gas to said 
plasma etch chamber to generate an etchant plasma, 
Wherein at least 40% of the total reactive species 
present in said etchant plasma are generated from a 
feed gas selected from the group consisting of HCl, 
HBr, and combinations thereof, and Wherein 30% or 
less of other plasma-generated reactive species provide 
surface passivation of etched metal surfaces during 
etching of said metal ?lm, Whereby components of said 
plasma feed gas enable the application of suf?cient 
hydrogen to an etched portion of a metal feature surface 
to protect said etched portion of said metal feature 
surface from reaction With reactive species during 
etching of an adjacent feature surface; 

using said plasma feed gas to generate a plasma; 
eXposing said substrate to said plasma; and 
applying a heat transfer gas to a backside of said substrate 

during said patterning, to achieve and maintain said 
substrate surface at a temperature ranging from about 
130° C. to about 300° C. 

2. The method of claim 1, Wherein said heat transfer gas 
is a chemically inert gas. 

3. The method of claim 2, Wherein said inert gas is helium. 
4. The method of claim 1, Wherein at least 50% of the total 

reactive species present in said etchant plasma are generated 
from a portion of said feed gas Which comprises said HCl, 
HBr, and combinations thereof. 

5. The method of claim 1, Wherein said halogen 
comprising feed gas also comprises hydrogen. 

6. The method of claim 1 or claim 5, Wherein said metal 
?lm comprises copper. 

7. The method of claim 6, Wherein said metal is copper 
and said pattern includes a feature having a critical dimen 
sion of 0.5 pm or less in siZe. 

* * * * * 


